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The Honorable J. Millard Tawes 
Governor of the State of Maryland 
State House 
Annapolis, Maryland 

Dear Governor Tawes: 

The report of your Committee to Study Shore Erosion is sub- 
mitted herewith. Your committeemen express their appreciation 
for having been given this opportunity to become fully acquainted 
with the problem. 

Members of the committee, both individually and as a group, 
have observed many examples of shore erosion. We saw some suc- 
cessful efforts to prevent or retard shore erosion but many more 
that were only partially effective or completely ineffective in pre- 
venting damage. The individuals on your committee have studied 
carefully a mass of pertinent information. Personnel of State and 
Federal Agencies known to be concerned were invited and have 
attended meetings of the committee to discuss the problem from 
their viewpoint and to explain the details of their actual, as well as 
their assigned, roles in the control of shore erosion. 

Our report is submitted with the hope that the information 
contained therein will contribute to a clear recognition of the im- 
portance of the problem of shore erosion and the recent marked 
acceleration of the economic losses that our State is experiencing 
from this cause. 

Proven engineering techniques and skills that will insure pro- 
tection, if applied to physiographic units of shore line, are now 
available. However, new legislation is needed to permit private 
citizens who own eroding land to join with local, state, and federal 
agencies to control the destructive and obstructive effects of the 
action of wind and wave on Maryland's tidal shores. 

Sincerely yours, 

William K. Connor William R. Kahl 
Stanley E. Day Clarence Z. Keller 
T. Walter Denny Milton M. Malkus 
Ralph L. Dodge Bernard L. Nicholson 
George W. Dorsey, Sr. Jack W. Rayner 
Joseph G. Harrison John E. Stafford 
Walter C. Hopkins Upshur C. Stevenson 

Robert L. Green, Chairman 
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SUMMARY 

Shore erosion is the result of the combined forces of wind, 
waves, and tides acting against exposed reaches of shore line. The 
most obvious damage is the direct damage to the affected property, 
but losses also affect adjacent property owners, the counties and 
the state. In some instances the deposition of eroded material may 
block navigable channels necessitating abandonment or expenditure 
of large sums for channel maintenance. In some other instances 
erosion of shore lines adds to the sediment load of adjacent waters 
and is harmful to marine biological life. Erosion along one reach 
of shore line may be beneficial to another reach in that soil lost at 
the first may be transported by littoral drift and deposited at the 
second reach to form a protective beach. However, the harmful 
effects of shore erosion are most readily recognized and generally 
this aspect is implied when the "shore erosion problem" is dis- 
cussed. 

Shore Erosion in Tidewater Maryland, Bulletin 6 of the Depart- 
ment of Geology, Mines and Water Resources, vividly portrays the 
extent of shore erosion losses from about 1850 to 1942. In this 
excellent reference work, published in 1948, Dr. J. T. Singewald, Jr., 
and Mr. T. H. Slaughter point out that 1,939 of Maryland's 3,190 
miles of shore line have an erosion problem with an average net 
loss of 0.14 acre per mile per year. This average covers a wide 
range from virtually no loss to linear recession of 500 to 700 feet 
during the period of study. Recession and accretion of some points 
far exceed these; for example in Anne Arundel County a hooded 
spit built out linearly 1900 feet northwest of the mouth of Jack 
Creek reducing its width to 150 feet; from Carr's Creek to Parker 
Creek there was linear recession of 700 feet; however, the neck 
known as Parker Island had receded 2,600 feet. These examples 
represent the extreme but were selected to minimize the possible 
tendency for one to be complacent towards the problem when aver- 
ages only are considered. 

The State Roads Commission has effectively protected the 
highway at Ocean City by means of groins which have caused 
deposition of a protective beach. The jetty, north of the Ocean City 
Inlet constructed and maintained by Corps of Engineers, U. S. 
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SUMMARY 9 

Puerto Rico have contributed to the cost of studies. In addition to 
these, Virginia has contributed funds to Virginia Beach but has no 
general policy at this time. 

The consensus of the committee is that shore erosion in Mary- 
land is of increasing importance. The physical problem in itself 
has changed little over the years; however, the demands on the land 
of an increasing population make shore erosion of greater concern 
to more people than ever before. The science of shore erosion con- 
trol has markedly advanced in recent years through research by 
the Beach Erosion Board, Corps of Engineers, United States Army 
and other agencies and through the increased knowledge available 
from reports of accomplishments throughout the world in publica- 
tions, such as Shore and Beach of the American Shore and Beach 
Preservation Association. 

In view of these conditions the committee believes Maryland 
should centralize and expand its efforts for the control of shore 
erosion and respectfully submits the recommendations which fol- 
low in a sincere belief that their adoption will effect a material re- 
duction of our continuing irreversible losses of increasingly valuable 
bay shore and ocean shore land. 
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RECOMMENDATIONS 11 

2. Design, or cause to be designed, shore erosion control 
structures (including vegetative cover). 

3. Enter into agreements with individuals, municipalities 
or counties for construction of shore erosion structures. 

4. Supervise, or secure supervision, of the erection of 
shore protective devices. 

5. Prepare and prosecute requests for appropriation of 
funds necessary to pay the state's share of the costs 
of such shore protective devices. 

II. The committee recommends that an engineer qualified in 
shore erosion control be appointed operational head of the 
independent agency and that he be provided with essential 
staff to perform the above functions. It is further recom- 
mended that the operational head of this agency be an ex- 
officio member of the State Board of Natural Resources. 

III. The committee recommends that an Advisory Commission be 
appointed with responsibility for establishing operational 
policy and work priorities for the shore erosion control 
agency. 

IV. The committee recommends that the state match county and 
local, private or public, funds that may be made available for 
shore erosion control studies to be carried out by the Corps 
of the Engineers, United States Army. 

V. The committee recommends that the state contribute 25% of 
the construction costs of projects approved by the new agency 
for protecting complete physiographic units of shore line on 
land owned by individuals, municipalities or counties. The 
value of engineering services provided by the shore erosion 
control agency in the planning and design of such works shall 
be considered a part of the state contribution. The agency 
shall actively seek cooperation and cost sharing from federal 
sources for all eligible projects. After project designs and 
cost estimates are complete and there is adequate assurance 
that 75% of estimated project costs will be available from 
funds contributed by individuals, municipalities, counties or 
federal sources, the agency will submit a request supported 
by an itemized list of such specific projects for appropriations 
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Appendix 

INTRODUCTION 

The Maryland shore line extends for 3,190 miles along the 
Atlantic Ocean, the Chesapeake Bay and other bays and tidal 
estuaries. The United States Coast and Geodetic Survey Serial 22, 
revised in 1939-40, shows 31 miles of general coast line, 452 miles 
of general shore line and 3,190 miles total detailed shore line. The 
latter figure includes shore lines of bays, sounds and other bodies 
of water to the head of tidewater or to a point where such waters 
narrow to a width of one hundred feet and includes the shore line 
of the islands within the bays. 

In 1949 the Maryland Department of Geology, Mines and 
Water Resources published Bulletin 6, Shore Erosion in Tidewater 
Maryland. In this report, Dr. Joseph T. Singewald, Jr., Director, 
and Mr. Turbit H. Slaughter, Geologist, report a comparison of the 
Maryland shore line from the earliest available maps, 1848-1849, to 
the latest available maps which were published in 1942. In a sum- 
mary of measurements the detailed comparison shows 1,939 miles 
of shore line subject to an average net loss of 0.14 acres per mile 
per year. The range of losses varied from 0.04 acres per mile per 
year in Prince Georges County to 0.22 acres per mile per year in 
Dorchester County. The total loss was 29,371 acres and the net 
loss, in excess of deposition, was 24,712 acres or 320 acres gross 
loss, and 265 acres net loss per year which verifies to some degree 
an anonymous observation that shore lines are an exhaustible 
resource. 

Shore erosion will continue to be a serious problem in Mary- 
land. However, increased knowledge of how to control shore erosion 
from the Beach Erosion Board, Corps of Engineers, United States 
Army, and other sources makes our present study timely. The 
direct property losses, the retarding effect of unstable shore lines 
on development, the influence on marine biological life, the channel 
dredging costs, and other results, especially when considered in 
light of increasing population pressures in the area, indicate some 
responsible group should give careful consideration to the needs 
and responsibilities of the citizens, municipalities, counties, and 
state. 
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•a^B^s aq^ jo itoqod aan^nj: JOJ suoi^Bpuauiuiooaj a5[BUi 
0^ puB uiaiqojd uoxsoaa aaoqs aq^ ^pn^s 0^ pa^uioddB aq aa^immoo 
B ^Bq^ SBM. uoi^Bpuauiuiooaa aq^ jo eouB^sqns aqj, -saMBX P-fBHIH 
•£ joiuaAOQ o^ papjBAUoj puB paAoaddB SBM qoiqM. aan^inoiJJSv 
jo pjBog a^B^s aq^ 0^ uoi^Bpuaiuuiooaa B apBui aa^^iuiuioo uoi^BAaas 
-UOQ ips 9^8 8ll^ 'saojnosaa MyeM. P• sauip\[ 'iCSoioao jo ;uaui 
-^jBdaa a^s 9^ jo JopaaiQ ''^f 'PlBMaSuig 'j, qdasop -JQ q^I^ 
UOI^BUIJOJUI jo aSuBqoxa IBULIOJUI UB puB uoi^Baapisuoo Ja^jv 

•a^B^s aqq. uiq^iM. uiaiqoad 
aq^ jo ssausnouas puB ^ua^xa aq^ jo AVBIA ui UOI^OB a^BudoaddB 
a^B^ 0; aa^imuioo uoi^BAaasuoo (tos ^^S 8ll^ pa^sanbaa pu^siQ 
uox^BAjasuoo nog auuy uaanft aq^ jo saosiAaadng 'iC^uanftasqns 
•papua^B 'sapuaSB iBjapaj puB a^s jo saAi^uasajdaj puB puBi 
-i?jBH aa^BAvapjx ^noqSnojq^ raoaj euazi^p pa^saaa^ui puB BBMBJ, 

joujaAOO Suipnput 'pajpunq OM^ ^p^Buiixoaddy -p^I-^^H UI 
raaiqoad uoisoaa aaoqs aq^ uodn uoi^ua^B snooj 0; puBisj ^ua^ uo 
jnoi puB Sut^aaxu B paaosuods 'aa^immoQ uoi^BAjasuoo ips ^^S 
aq^ jo ^aoddns q^tM puB ^OU^SIQ uoi^BAaasuoo nog Jpq^ qSnoaq^ 
'^unoo  auuy  uaan^ jo  euazi^p aq^  'esei  'Jsqtua^das iq 

aaxxmwoD s.aoNaaAOD aai 
•y xipuaddy 
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Preservation Association made available publications and unpub- 
lished reports which may not have otherwise been available. Five 
committee members attended the annual meeting of the Association 
in Ocean City. These five members made contact with professional 
specialists in shore and beach preservation and had the opportunity 
of an inspection trip on Assateague Island where extensive shore 
erosion is currently taking place. 

Field meetings of the committee have been held at Smith Is- 
land, Ocean City, Kent Island and Annapolis. The first and last of 
these meetings included shore line inspection from patrol boats of 
the Department of Tidewater Fisheries. Representatives of the 
Beach Erosion Board and the Office of the District Engineer, Corps 
of Engineers, United States Army, attended most of the above field 
meetings to assist in explaining technical details of shore erosion 
processes and control techniques observed. 

The staff of the Beach Erosion Board was host for one day at 
the facilities of the Board in Washington, D. C. The staff members 
discussed fundamentals of shore erosion processes and demonstrat- 
ed facilities and techniques used for research. 

At one meeting, representatives of all state and federal 
agencies concerned with shore erosion discussed activities, policies 
and laws of their respective agencies. The Department of Geology, 
Mines and Water Resources, the State Roads Commission, the De- 
partment of Forests and Parks, and the Agricultural Extension 
Service were the state agencies represented. The Soil Conservation 
Service, the District United States Army Engineer's office and 
Beach Erosion Board were the federal agencies represented. A 
past-president and the executive secretary of the American Shore 
and Beach Preservation Association were also present to discuss the 
work of the Association. 

In addition the committee has held six other meetings for dis- 
cussions leading to the format and contents of this report with the 
better part of three meetings developing the recommendations. 

It is the consensus of the committee that far more time than 
has been available would be required for one to become a qualified 
specialist in the science of shore erosion control. On the other hand, 
it is felt that the committee has acquired sufficient background 
knowledge from which to draw its conclusions and on which to base 
its recommendations. 
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jo s^sip uo sajiui a^n^s g jo aansBaui ^iun u q^iA\. apBui aaaM Sui 
-puaq stq^ aapun s;u9uiajnsB9i\[   "iBjauaf) 'auipioqg i^pix   'Z 

•papnpux si 
^utod qons ye SSOJOB aouB^sip eift pus 'ajnsBam ^tun aq^ jo q^piAi. 
aq^ o^ MOJJBU SJ9^BAV qons aaaqAV ;uiod B O^ pgpnpui si spunos puB 
s^Bq jo auqejoqs aqj, -giqissod SB OOO'OOS'i:! jo aIB0S 9m ^^ 8B 

s^JBqo JO 9pn^B[ jo sa^nuiui 08 jo gansBaui ^iun B q^iAV gpBiu aaaAV 
s^uamgansBaui gqx ^SBOOBas 9q^ jo auiftno IBJ9U9S gq^ jo q^Suai 
aq^ si SuipBaq siq^ japun aSBaijui aqx   •auinsB03 (Biaua^    -j 

: SM.OI[OJ SB pauiB[d 
-xa ajB puB AaAjng oi^apoao puB ;SBOO S9^B;S pa^iufl 9M^ ^q «oi^ 
-Boqqnd JOJ pg^oaps ^uauiaansBaui jo sacLty aajq^ aq^ Aq pazuapB 
-aBqo uaaq sBq 'MOiaq pa^B[nqBq. 'sauq aaoqs puB q.sBoo s,puBi.&rej\[ 
jo aSBanw -^aAans oi^apoaf) puB ^SBOQ sa^s ps^jun aq^ jo am 
aq} m si ^qBooi ^q s^uaiuaansBam iBnpB aq^ jo paooaa ^uauBuuad 
V '9^6T UJ alB08 nBUIS -^laAi^Biaj jo sdBui puB s^JBqo uo paansBaui 
aaaAV Mopq pauijap SB s^uauiaansBaui auq^sBoo iBJauaS aqx 

•pasn aaaM. 
saiSuBjpBnb sjaauiSug jo sdaoo puB jfeAjng iBoiSoioaf) aq^ aSBJaAOD 
paiiB^ap siq^ jo s^iiuq aq^ puo^ag 'aiqBijBAB s^JBqo IBOI^IIBU AaAjns 
ot^apoao puB ^SBOQ a^Bos ^saSjBi aq^ pasuduioo aSBjaAoo x^uoud 
^xau aqx •aSBaaAoo aiaq^ jo ^ua^xa aq^ o; pasn ajaM XqdBa3o;oqd 
IBuaB UIOJJ paiidiuoo sdBiu ou^auiiuBid puB oiqdBjSodo^ aiBos-aSjBi 
XaAjng oi^apoaf) puB ^SBOQ '^SBOO OI^UB^V 9^ ^o^ -sa^B^g pa^iufi 
aq^ jo suoiSaa IB^SBOO aq^ jo B^BIIBAB uaqq. s^JBqo JO sdBiu a[BOS 
^saSJBi aqi IUOJJ pa^BOS ajaM s^uaraajnsBaui 0^-6861 ^9" asaqx 

'ZZ *0N I^I^S UI pautB^uoo UOI^BUUOJUI aq^ 
JO uoisiAaj a^aidraoo B UI pa^nsaj auqajoqs aq^ jo qonui ajnsBaui 
-aj puB B^Bp Sui^sixa a^Buipjooo oq. pafojd aAisua^xa UB 'O^-686T 

xq 'zz '0N IBIJ9S SB SX6I 'jaq«iaAO^[ ui panssi ;sjy ajaAV. s^uaiuajn 
-SBaui aui^sBOO asaqx •s^uaraajnsBara auipsBOO jo saiqB^ paqsqqnd 
pire panduioo SBq XaAjng ot^apoa*) puB ^SBOQ sa^B^g pa^mn aqx 

aaxaaaav vanv 
a xipuaddy 
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1:200,000 and 1:400,000 scale when available. The shoreline of 
bays, sounds, and other bodies of water is included to a point where 
such waters narrow to a width of 3 statute miles, and the distance 
across at such point is included. 

3. Tidal Shoreline, Detailed. Mileage under this heading was 
obtained m 1939-40 with a recording measure on the largest scale 
maps and charts then available. Shoreline of bays, sounds, and 
other bodies of water is included to the head of tidewater or to a 
point where such waters narrow to a width of 100 feet. 

Length in statute miles 
Total Total 

General    shoreline,    shoreline. 
Locality                                     coastline     general       detailed 
Maryland         31 452 3,190 

4. Ocean Shoreline. The earliest known authentic map of a 
portion of Maryland's coastal shoreline is indicated on a drawing 
prepared by a survey of the United States Coast and Geodetic 
Survey m 1849. This survey embraces an area of the Atlantic Coast 
and the Sinepuxent Bay area from approximately 5 miles south of 
South Point on State Route 611 for a distance of several miles 
north of Ocean City, which lies approximately 9 miles south of the 
Maryland-Delaware line. The survey shows the shoreline very uni- 
form m direction, without any indication of an existing inlet al- 
though on Assateague Island opposite South Point there appeared 
on the chart the wording "OLD SINEPUXENT INLET." 

Successive coastal surveys and maps made by this agency re- 
vealed a similar condition to their 1849 survey and maps, except 
for notations relative to several small inlets south of Ocean City 

In a survey of August 1877, the United States Coast and Ge- 
odetic Survey issued information showing the approximate deter- 
mination of main buildings in Ocean City. The Atlantic Hotel and 
Ocean House, together with about a half dozen other buildings are 
shown on this chart. Also recorded is the Eastern Shore Railroad 
line which crossed Sinepuxent Bay with a bridge containing a 
draw span. K 
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•aanmjj asnBO spea^inq jo spua ^ uoisoaa eaojaq asd^ia 
Tim iwn 9ui^ st qoB9a Suo! « ao ^aej Mej B jo ^U9ui^aa^ ua3AV^ 
-aq -situn oiqdBiaoisiEqd 9^iduiooui o^ pajlddB si uoi^^Md u9q^ 
'9ou9J9ilip Xiuo 9111 -spmiC peapunq pwaAas aoj saaq^o pun S^UOJJ 
aoT aooi 'paopunq 9UO aoj sprotpirnq „aAR0^0JdM W* WW 9«xoS 

'SMBII T^npiAipui aoj IOJ^UOO uoxsoag aaoqs SuRdui9^ siunpiAip 
-m JOI s^uam^uio'ddBsip ssoaS jo jgquinu B 9JB pu^isi ^93 UO ABa 
gqi ssoaov -auil oaoqs jo s^iun oiqdBaSois^qd ^idiuoo aoj uotpg^ 
-oad injssaoons jo sgiduiBxa aui; aw isxi ^ou^sip uoisoja aq^ aapun 
pausnqBisa sioaCojd ^tunuiuioo aq^ Aymoo pputuy 9U«V «I 
^ n ' ' -gSBHiA siq^ jo uoi^oas B J9AO 
qsBAV S9pn qSiq araaxpra puB ajq injasn Ji9q^ passBd aABq OSB sraaA 
aAU-itiuaAv; Aia^BuiixojddB paqsi^sa sajnsBam aAtpa^oid uo^ 
-MlAL W -SUIJO^S iCija^saM ajn^nj o^ pasodxg ^uiod sapoqn SuiABai 
puBisi aqi jo apis uaa^saAV aq^ uo qsjBUi jatuBq B qSnoaq^ a^oaq 
UIJOIS 9J9A9S B jo saABM puB sapR 9q^ 6S6I «I T^I^nC aq UBO saan 
-sBaui aA^oa^oad aAi^ajja ssaiun ^uarauopuBqB aan^nj a^tssaogu 
^BUI qoiq^ suoqtpuoo aAjasqo o^ 0961 'Jaqwa^dag ui puB^i q^ims 
paiisiA 99Wuiuioo 9qi -SIIB^P ^no ^998 o^ auiR ^q Xiuo pa^iuiii 
st saqtunuimoo puB sBajB 'Ajjadoid uodn ^jja finouas «» puB 
uotso'jg 9Joqs jo ^ua^xa aq^ jo saiduiBxg Supims jo agqtunu aqj, 

•XBg 93iB9dBS9qo aq^ ui 

jBq B iCiuo si ^t ^Bpo; puB saaoB 9 o\ V^in sd^wiS paonpw jaiRjnj 
pBq uoiswa 9t6T ^3 'poprad 8^s 8^ UI saj:)B 9891 0* S9J:)B SX02 
UIOJJ puBisi uBtuqSitx ?«« saaoB 06^ <n saaoB 9LG UIOJJ paonpaa SBAV 

PUBIST sauiBf iOTGI m sajoB gg o^ g^SX «I sa^oB gg^ tuoaj paonpaa 
PUBTST sdJBqs punoj 'itaAing iBotSoioao pirei^«W 3lW ^^ pwosnods 
'satpis s.aa^unH TOT «I ^"nH ^ 'O ^ ^^ 9^ TOP«» 
aaoqs jo a^BJ puB uotsoaa 9aoqs jo ^unouiB 9q; jo s^uguiaansBaui ^SJIJ 

aqiVq; a^AV 'up''piBAvaSuts 'l qdasof UQ (saoanosan ^BM 

DUB sautw «i£3oioao JO ^uatu^BdaQ puB^aBH '9 ut^nna) tua^o^ 
uotsoaa'aaoqg W jo uoi^npo^m aq^ ui -pu^l^^H ^^apij, ui 
ma^ojd snouas B SB pazmSooaa uaaq SBq Suot uotsoaa aaoqg 

NOISOHH HHOHS do xjstaixa 

3 xipuaddy 



EXTENT OF SHORE EROSION 19 

^ One owner wrote the committee to say he bought a lot 100' x 
125' in 1958 and now it was about 100' x 105'. Another owner wrote 
that he could afford no more protective works and would have to 
salvage as much of his investment as possible by disposing of his 
bayfront cottage. While caveat emptor is the rule, there is an in- 
dication of need for required protection by developers for the good 
of the communities and counties. 

In tables 17-20 in that part of the previously cited Bulletin 6 
devoted to the Shore Erosion Measurements, Slaughter effectively 
summarized quantitative data of shore erosion. These data depict 
clearly long range trends and averages and it was considered un- 
necessary by the committee to attempt to update these data even if 
necessary personnel had been available. These tables are repro- 
duced here without modification as a summary. Persons having 
need for additional details are referred to the original text. 

TABLE 17.—Mainland Shore Erosion Statistics of Maryland Tidewater Counties 

County 
Time 
Inter- 

val 

Miles 
Meas- 
ured 

Erosior L Depo- 
sition 

Net 
Loss 

Rateo 
Loss 

Annual 
f Rate of 

Loss 

Anne Arundel  
years 

89 
89 
90 
61 
94 
81 
82 

135.1 
59.9 
67.0 
88.3 
66.8 
21.3 

115.1 

acres 
1902 
698 
890 
361 
834 
107 

1600 

acres 
290 
80 

232 
193 
117 
35 

218 

acres 
1612 
618 
658 
168 
717 
72 

1382 

acres 
11.1 
10.3 
9.8 
1.9 

10.7 
3.3 

12.0 

acres 

Baltimore.. .12 

Calvert  .11 

Charles  .10 

Harford.... .03 

Prince George's  .11 

St. Mary's  .04 
.14 

Western Shore Totals.. 84 553.5 6,392 1,165 5,227 9.4 .11 

Caroline  93 
94 
94 
96 
96 
93 
90 
93 
92 

13.1 
77.5 

224.5 
81.2 

122.6 
113.1 
162.9 
35.0 

178.3 

128 
843 

4673 
1013 
1874 
1630 
1792 
552 

2206 

3 
171 
283 

99 
243 
121 
162 

9 
1738 

125 
672 

4390 
914 

1631 
1509 
1630 

543 
468 

9.3 
8.6 

19.5 
11.2 
13.3 
13.3 
10.0 
15.5 
2.5 

Cecil  .10 

Dorchester  .09 

Kent  .20 

Queen Anne's  .11 

Somerset  .13 

Talbot  .14 

Wicomico  .11 

Worcester  .16 
.02 

Eastern Shore Totals.... 93 L,008.2 14,711 2,829 11,882 10.7 .11 

MAINLAND TOTALS  89    ] 1,561.7 21,103 3,994 17,109 10.9 .11 
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TABLE 20.—Shore Erosion Totals in Maryland Tidewater Counties 

County 
Time 
Inter- 

val 

Miles 
Meas- 
ured 

Erosion Depo- 
sition 

Net 
Loss 

Rateo 
Loss 

Annual 
f Rate of 

Loss 

Anne Arundel  
years 

89 
89 
90 
61 
94 
81 
82 

138.1 
67.1 
68.7 
92.3 
80.6 
21.3 

127.3 

acres 
1931 

893 
893 
415 

1101 
107 

1801 

acres 
295 

82 
232 
198 
131 
35 

267 

acres 
1636 

811 
661 
217 
970 
72 

1534 

acres 
11.9 
13.5 
9.6 
2.4 

12.0 
3.4 

12.1 

acres 

Baltimore  .14 

Calvert  .15 

Charles  .11 

Harford  .04 

Prince George's  
.13 

St. Mary's  .04 
.15 

Western Shore Totals.. 84 595.4 7141 1240 5901 9.7 .11 

Caroline  93 
94 
94 
96 
96 
93 
93 
93 
92 

13.1 
77.5 

333.2 
100.2 
129.4 
233.0 
189.0 
35.0 

233.6 

128 
843 

7319 
1302 
2026 
3555 
3435 

552 
3070 

2 
171 
433 
122 
247 
251 
213 

9 
1970 

125 
672 

6886 
1180 
1779 
3304 
3222 

543 
1100 

9.2 
8.7 

20.7 
11.8 
13.7 
14.2 
17.0 
15.5 
4.7 

Cecil  .10 

Dorchester  .09 

Kent  .22 

Queen Anne's  
.12 

Somerset  .14 

Talbbt  .15 

Wicomico  .18 

Worcester  
.17 
.05 

Eastern Shore Totals.... 94 1,344.0 22,230 3419 18,811 14.0 .15 

MARYLAND TOTALS  90 1,939.4 29,371 4,659 24,712 12.6 0.14 

21 
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eifl ^B pAai xdyuL p SuuaAioi e pun apis paBAvaei aq; ^B JB^BAV 
JO dn 3ui[id B saonpojd ;u9Jjno aoejjns paonpui-puiM aqx -UOI^OB 

IBpt^ o} anp ysufr Mopq ao aAoqt? iaA3{ aa^M ui as^aaoap JO asBajom 
UB asn'BD pun ^uauiaAoui putAv aq^ jo uoi^oaaip pj-iauaS aq; ui ^uaj 
-jno aoBjans B aonput ^BUI puiAv aq; SUOI^BOOI I^^SBOO ^SOUI UJ 

•uoi^isod ueaui auios ^noqc 

^iqao jBinoap B UI a^nPs0 9ABM- aitt dn S11!^"1 J9;«^ J0 sapr^red 
a'q^ qotqM. lit 'saABM. ^jo^npso SB UAVOUJI ad^ aq^ jo ^nBnsn aaB 
aa^BA^ daap ut pa^BjauaS saAB^ 's^aaB JB^BAV Mon«qs ^laAi^Bpj ui 
q^oaS BABAV's^tuin qo^aj aq; ui aa^BM jo q^dap aq; 'saopBj asaq^ 
0% uoqippB ui -puiM. aq^ jo uoipajip aq^ ui qo^aj aq^ jo q^Suai 
aq^ piiB fuot^Bjnp JO 's^oiq puiM aq^ auii^ jo q^Suaj aq; ipum 
aq; jo ^xoopA aq; : sjopBj aajq; ^sBai ;B itq paujaAoS si SBABAV aq; 
jo q^ojS aq; 'BBJB qo^aj JO qa^aj B SB UMOUJI 'SBABM Sui^BjauaS 
puB SuiAV0[q si pum aq^ qoiq^. aaAO JB^BM. JO BSJB UB \L\ -ajoqs 
aq^ qoBaj o^ paiqBua si JB^BAV jo sasuBdxa ^BBJS JBAO SuipB pum 
jo ^Sjaua IB^ aq^ jo uoi^od aiqBjapisuoo B 'saABM jo uoi^jauaS 
aq; qSnojqj, -saABM. ja^BAV jo uoi^BjauaS aq^ qSnojq^ pjBZBq pajip 
-ui UB XiuBUiud si 'saunp 3ui«iqs jo asBO aq^ ui ^daoxa 'pui^v 

•pjBZBq uoisoja ^sa^BajS aq^ ajB ja^BAv jo SBajB uado 

aSjBi jaAO pui^ itq pa^BjauaS SBABM 'jaAaAvon -iBiJa^Bui ajoqs aq^ 
jo uoi^jodsuBj; puB ^uauiqoBpp SUISTIBO iCisnonu^uoo aJB AVOIJ 
puB qqa [Bpq puB suiBaj^s UIOJJ s^uajjno -saoBj tBoi;jaA ^iJBau JO 
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windward side with a return flow along the bottom. Wave fore- 
casting procedures may be used to translate meteorological data 
into wave data. Because this procedure involves many factors and 
is of a highly technical nature, it is omitted from this report but 
may be found in appropriate literature. 

The tide is the alternate rising and falling of the level of the 
sea caused by the attractive forces of the sun and moon on the 
rotating earth. There are usually two high and two low waters in 
a tidal or lunar day. Tides follow the moon more closely than they 
do the sun. As the lunar day is about 50 minutes longer than the 
solar day the tides occur about 50 minutes later each day. Because 
of the varying effects of the sun and moon, a diurnal inequality in 
tides occurs in which, at certain places, there may be little differ- 
ence between one high water and the succeeding low water of a 
day but a marked difference in height between the other high water 
and its succeeding low water. Along the Atlantic coast the two 
tides each day are of nearly the same height. The tidal range be- 
tween Cape May, New Jersey and Cape Henry, Virginia has a 
mean approximate range of from 3 to 4 feet except that spring 
tides range from 3 to 5 feet. The extreme range is from 3 feet 
below Mean Low Water to 3.5 feet above Mean High Water. 

Beaches or shore lines, unless naturally protected by marsh- 
land, other vegetation, stone, or man-made defenses, have a dy- 
namic existence. Wind and water are constantly moving shore 
material. Most of the material is moved adjacent to the shore in 
the littoral zone under the influence of waves and currents. The 
material subject to such movement is referred to as littoral drift 
and the movement as littoral transport. 

Waves and currents supply the forces necessary to move the 
littoral materials. The mechanics of littoral transport are not pre- 
cisely known, but it may be generally stated that littoral material 
is moved by one of three basic modes of transport. 

(1) material, known as "beach drift", moved along the fore- 
shore in a more or less scalloped path due to uprush and 
back wash of obliquely approaching waves. 

(2) material moved principally in suspension in the surf zone 
by littoral currents and the turbulence of breaking waves. 

(3) material moved close to the bottom by sliding, rolling and 
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question or cliff or dune erosion is sufficiently rapid to provide ap- 
preciable supply. 

The amount of the various contributions to the littoral supply 
streams carrying sand can be determined approximately by these 
general methods: 

(a) direct measurements. 

(b) studies of terrestrial sedimentation. 

(c) computation of the sediment carrying capacity of the 
streams. 

To date, the only method upon which any great degree of reliance 
can be placed is that of direct measurements. 

Eroding coastal formations are the last major source of beach 
material. Along much of the sea coast it is relatively unimportant. 
As long as a beach berm is maintained between the formation and 
the action of the waves, such a formation contributes negligibly 
to the littoral supply. At some locations, littoral transport has 
been interrupted by artificial barriers and the ocean has turned to 
the upland for its supply, causing serious recessions of the coast 
line. The amount of such contribution can only be estimated 
through comparative surveys, sub-division plot maps, property 
surveys, and statements of long-time residents of an area. In shore 
areas containing bluffs, rises in the water level may allow waves to 
attack the bluffs, which are generally of a friable material. This 
causes recession of the shoreline and contributes to the supply of 
potential beach material. However, the formations frequently con- 
tain much material too fine to remain on the beach. When most of 
the potential beach material is fine sand, silt or clay, once it is in 
the littoral drift it is only deposited in deep water and cannot con- 
tribute to a protective beach. 

Certain losses of littoral drift from a shore area tend to ac- 
celerate shore erosion. The principal avenues of loss of littoral 
material from a specific beach area include: 

(a) movement of material laterally out of the area. 

(b) movement of material offshore into water of sufficient 
depth that it is lost to the littoral supply. 

(c) loss of material into submarine canyons. 

(d) loss of material inland. 
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Appendix E 

METHODS OF CONTROLLING SHORE EROSION 

When depletion exceeds accretion, shores may be stabilized 
by aggressive measures or by defensive measures; sometimes a 
combination of both will provide the best solution. Construction of 
groins or jetties for the entrapment of sand from littoral drift is 
the most common aggressive measure. Beach nourishment, or 
placement of sand on protective beaches, has been feasible in Dela- 
ware and other places. Defensive measures include construction of 
seawalls and bulkheads, sloping and terracing of banks, and modi- 
fication of vegetative cover. Because of the high cost of protection 
against storm it seems likely that shore front property owners will 
always have to accept a calculated risk for damage from extremely 
severe storms. 

In selection of the shape, size, and location of protective works, 
the objective should be to design an engineering work which will 
accomplish the desired results most economically and with full con- 
sideration of its effects on adjacent shore lines. The cost of mainte- 
nance, as well as interest on and amortization of first costs, must 
always be evaluated. A convenient yardstick for comparing vari- 
ous plans is the total cost per year foot of shore protected. 

The following sections describe the most common engineering 
solutions now used to meet functional requirements and give guides 
for their application. 

Seawalls, bulkheads, and revetments are structures placed 
parallel, or nearly parallel to the shore line, separating a land area 
from a water area. Primary purpose of a bulkhead, is to retain or 
prevent sliding of the land, with a secondary purpose of affording 
protection to the banks against damage by wave action. The pri- 
mary purpose of a seawall or revetment is to protect the land and 
upland structures from wave forces, with incidental functions as 
as retaining wall or bulkhead. There is normally a distinction be- 
tween the three structures; however, many cases exist where the 
same type of structure bears different names in different localities. 
Thus, it is difficult to say whether a stone or concrete facing de- 
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A backward sloping or convex curved face is the least effective 
of all types against wave attack for a given height of structure. 
It is, however, more adaptable to use as emergency protection, 
(sand bag, or dumped stone mounds, for example) than the other 
types. Actually the use of such a face type should be restricted to 
those areas in which wave overtopping is not a problem or where 
esthetic, emergency, or structural considerations prohibit the use 
of other shapes. 

Concave curved or reentrant faced structures are the most 
effective in reducing wave overtopping to a minimum. Where the 
crest of the structure is to be used (for a roadway or promenade, 
for example), a wall so designed will be the most desirable shape 
for protecting the crest. This is especially true if the beach in the 
vicinity is narrow or entirely absent or if the water level is over the 
base of the structure. 

A stepped face provides the most ready access to beach areas 
from protected areas and in addition acts to disrupt the scouring 
action of the wave backwash. 

In general, a seawall or bulkhead would be constructed along 
that line landward of which recession of the shore line is not to be 
permitted. Where an areas is to be reclaimed, a wall may be con- 
structed along the seaward edge of the reclaimed area. (A seawall 
constructed in the water, isolated from shore, becomes an offshore 
breakwater). 

A seawall, bulkhead or revetment protects no more than the 
land and improvements immediately behind it. No protection is 
afforded either to upcoast or downcoast areas as is the case with 
beach fills. It must be emphasized that in the usual case where 
erosion may be expected to occur at either end of a structure, wing 
walls or tie-ins to adjacent land features must be provided to pre- 
vent flanking and progressive failure of the structure from the 
ends. Short term beach changes due to storms, as well as seasonal 
and annual changes, must be considered. Changes updrift from 
such a structure will continue unabated after the wall is built, and 
downdrift, these changes will be, if anything, intensified. 

Any of these structures can be built to such a height that no 
water would overtop them regardless of wave attack though it is 
not ordinarily economically feasible to do so. At present, there are 
no entirely adequate overtopping criteria.  Tests relating to quan- 
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asaq; Suunp ua^B; B;Ba 'pj^oa uoisojg qoBag aq; Aq ;no paijJBD 
uaaq aABq sja;auiBjBd BABAV snouBA o; ja;BAV Suiddo^iaAO jo Aji; 
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Protective beaches are the most effective means of dissipating 
wave energy and afford the most effective protection for the ad- 
joining upland when they can be maintained to adequate dimen- 
sions. In seeking a solution for an erosion problem it is usually 
advisable to investigate the feasibility of artifically providing and 
maintaining an adequate beach in addition to any other remedial 
measures considered. When conditions are suitable for artificial 
nourishment, long reaches of shore may be protected by this method 
at relatively low cost as compared with other adequate defensive 
structures. An equally important advantage is that this treatment 
directly remedies the basic cause of most erosion problems, that is, 
a deficiency in natural sand supply, and thereby benefits rather 
than damages the shore beyond the immediate problem area. 

A protective beach may also be provided, under favorable con- 
ditions, by properly designed groins. Groin systems should be used 
with caution for, if the natural supply of littoral material is used 
to restore or widen a beach, a deficiency in supply is likely in ad- 
joining areas with resulting expansion of the problem area. Detri- 
mental effects of groins may be prevented in most cases by artificial 
fill in suitable quantity placed concurrently with groin construc- 
tion. When groins are considered for use in conjunction with arti- 
ficial fill, it is desirable to carefully evaluate benefits attributable to 
them to justify their inclusion. 

An obvious limitation in providing a protective beach, with or 
without groins, is the availability of suitable material for the pur- 
pose. Also, beach nourishment is usually quite costly per front foot 
protected when applied to short segments of shore. The cost is not 
necessarily prohibitive if, by artificial nourishment, the enlarge- 
ment of a problem area can be prevented. Perhaps, the most seri- 
ous limitation is that of financing a shore protection system de- 
signed to provide protection beyond the immediate problem area. 

In planning a protective beach, the first task is to determine 
the predominant direction of littoral transport and to determine 
quantitatively the deficiency in material supply in the problem area. 
This deficiency is the rate of loss of beach material and is the rate 
at which material supply must be increased to balance the trans- 
port capacity of littoral forces so that no net loss will occur. If 
there is no natural supply available, as may be the case on shores 
downdrift from a major littoral barrier, the deficiency in supply 



jo iftoq ''BpiJO[lj ut puB 'BtuaojiiBa ui sny qons q^iM. 80uaij9dx9 
.£q paiuji;uoo uaaq s^q siqx iirauinsijnou JOJ IBU9^BUI ajqe^ms 
Xpai^ua UB ^i ajiBiu pus pues aift u^ap ni^. sasseooad isan^u ipjift 
aouBjnssB q^tM. puBs UBq^ jaiflo iBua^Biu jo suoi^jodojd [BI^UB^S 

-qns 3UIUIB;UOO SIBU9^BUI ny qoBaq jo asn s^iuuad ssaoojd SUI^IOS 

aqj, -ssGoojd SUI^JOS 9i{^ o; pa^oafqns UIBSB SI IBIJ9^BUI Sui^pep 
-un 'uuo^s B JLq ua^ojq si JOUIJB Qift JI 'jgAeMojj ^iqB^s ^M^idi 
%i sjgpuaj puB qoBgq 9q^ SJOUIJB B9JB eq^ jo uinjpgds SABM. 9q^ 
q^iM. 8[qi^Bduioo sapt^JBd 9SJBOO JO JBA^I B [i^un senui^uoo UOI^OB 

SUI^JOS sxqx  luiod gSurqd 9q^ jo pjBAvgjoqs IBU9^BIU jgsaBOO aqq. 
3UIAB91 pUB PJBM.B9S S9pi^JBd J9UI; 9q^ SlIIAOUI HU 91^ JO jg^BJ 90BJ 
-jns eq^ uo UOI^OB SUI^IOS B ^JB^S ^ig^Bipgmuii B9aB 9q^ ui Sui^Bjado 
69ABAV 'gjoqs B uo pg^isodgp si puBs U9q^\ ^uguiqsianou iBpiji^iB 
JOJ SIBU9^BUI Surpsps ui pgi^ddB 9q XBUI qotqAV gdop qoBgq o; 9zis 
UIBJS JO uoi^Bpjt gq^ puB spuBS qoB9q jo Sui^ios aqq. o; SuiuiB^aad 
g^BJlBAB AVOU SI  UOI^BIUJOJUI 91U0S  'J9A9A\0H    •SJBIJ9^BUI qoB9q JO 
sgi^iiimb gq^ Sui^BrqBAg JOJ pgqsijqB^sg uaaq ^A ;ou aABq Bua^uo 
a^Bnbapv qBija^Biu qosaq aiqB^ms B Sui^oaps jo ^Bq^ si paaa^unoo 
-ua aq o^ uiaiqoad ^xau aq^ 'im pasodoad B UO a^Bjado \\IM. ^Bq^ 
saojoj aq^ jo apn^iuSBui puB uot^oaaip aq} paqsqqB^sa SUIABH 

•Q xipuaddy ui o^ pajjajaj ajB pauiuua^ 
-ap aq i?Biu ^uauiaAoui IBJO^II jo uoi^oajip a^Buiuiopajd aq^ qoiqM 
JLc\ spoq^aui STIOIJBA aqx "saniBA aAi^BAjasuoo aonpojd snq^ pinoM 
puB ajnSij aru^ aq^ jo ssaoxa ui ^BqAvauios sa^Biut^sa ou^auiniOA ui 
linsaj iC^qBqojd p[noAv OI^BJ siq^ saaoqs pasodxa ssaj JO^J -s^sBooBas 
pasodxa uo saiqBA a^qB^daooB aptAoid o^ saBaddB 'iBua^Bui qoBaq 
jo pjBit oiqna auo s[Bnba BaaB aoBjjns jo ^ooj aaBnbs auo uiajaqm 
'uot^Bnba quinq^ jo a^nj B suoi^BuiixojddB qons JOJ; -^JBssaoau 
ua^jo 9JB spjooaa aiqB^ms aaq^o JCUB JO sqdBjSo^oqd iBijas A<\ pauiui 
-ja^ap uoi^isod ajoqs aq^ ui saSuBqo UIOJJ pa^nduioo suoi^BuiixojddB 
'SB9JB maiqojd aq^ q.B a^BjiBAB ^pjBJ ajB s^uauiajnsBaui ou^auin[OA 
JOJ HB^ap aiqB^ms ui sXaAjns aouig -ajoqs jo ^niq^8 UI^UIBUI 

o^ pajmbaj ^uauiqsijnou jo a^Bj aqq. Sumiuua^ap jo suBam a^BjnoDB 
Xiuo aqi si ami; jo pouad Suoj B JBAO s^aAjns jo uosuBduioo 

•a^Bj ^jodsuBj^ 
aq^ q^iM pajBdmoo \\vm$ XpAi^Bpj aq I\\/A. ^ouapijap aq^ ^Bq^ iCp^n 
si ^i 'qoBaq vfpuBs pa^onj^sqoun puB snonurjuoo B JO ^jsd si BBJB 

maiqojd aq^ JI  -^lodsuBJ^ IBJO^JI JO a;BJ iinj aq^ 0} iBnba aq \\IM. 
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Material finer than that occupying the natural beach will, when 
placed on the surface, move seaward to a depth compatible with its 
size. Materials of coarser characteristics may be expected to pro- 
duce a steeper than normal beach. Almost any source of borrow 
near the shore will produce some material of proper beach size. 
Since the source of artificial nourishment will control the cost to 
a major degree, evaluation of material characteristics is an impor- 
tant factor in economic design. At present such evaluation must be 
made largely on a basis of experience at other localities. 

If the beach fill is placed at an elevation lower than the natural 
crest height, a ridge will subsequently develop. Concurrent high 
water stage and high waves will overtop the ridge and cause pond- 
ing and temporary flooding of the backshore. Such flooding, if un- 
desirable, may be avoided by fixing the berm height slightly above 
the natural beach crest height. If there is an existing beach at the 
site, the natural crest height can be determined therefrom. Other- 
wise, determination must be made on a basis of comparison with 
other sites possessing similar exposure characteristics and beach 
material. There is at present no acceptable theoretical basis for 
predicting beach crest height. 

Criteria for specifying berm width depends upon a number of 
factors. If the purpose of the fill is to restore an eroded beach 
damaged by a major storm, berm width may be determined from 
the protective width which experience had demonstrated to be re- 
quired. Where beach fill is to serve as a stockpile, to be periodically 
replenished, berm width should be sufficient to provide for expected 
recession during intervals between replenishment. Generally the 
toe of fill of a stockpile beach should not extend to such depth that 
transport of any material forming the surface of the fill would be 
retarded. There are no firm specifications for this limiting depth 
at present but available data indicate that depths of twenty feet 
below low water datum on seacoasts may be used. It is obvious that 
the initial overall slope of any beach fill must be steeper than that 
of the natural shore area upon which it is placed. Subsequent be- 
haviour of the slope depends principally upon the characteristics 
of the fill material. In ordinary practice the initial fill slope is de- 
signed parallel to the local or comparable natural beach slope above 
low water datum and thence slopes of 1:20 to 1:30 from low water 
datum to intersection with the existing bottom.  It is undesirable 



puiM. gift uiq^iAv auiniOA aq^ '. Aq ^m^oouis SAVOJJ uieaj^s jte aq^ 8OBJ 

-ans siiiq. apis^nQ "^inui^uoosip jo aoBjjns pauyap-nj ^qAvauios B 
JLq s^aBd OM.^ o^ui papiAip si epB^sqo aq; puiqaq pus ^UOJJ ui q^ed 
JIB aqi 'Avog puiM. ;dnjja;ui o^ SB OS p90B[d si ^oafqo UB uaq^w 

•iiBMB aAoui ^OUUBO Ad\Q os uiaq^ saxij pus sasnBO 
qoiqAV apB^sqo aq^ jo aouasaad aq^ uo aoua^sixa panui^uoo -iiaq; 
aoj ^uapuadap SJB 'saunp anj^ aiuiun 'puiAv aq; jo q^Bd aq^ ui suoi^ 
-oiu^sqo paxij Aq ii^oaaip pasnBO suoi^BinuinooB puBg -uiajaq pasn 
si uoi^iugap asooi aqj, -ajn^onj^s aDBjjns paxij ^UB JO ^^uapuad 
-apui Sui^sixa puB ;iun B SB ^jaajj SUIAOUI JO a^qBdBO auo si aunp 
ana^ B 'uoi^mijap pa^daooB AWBISUBS ^SOUI aq^ o^ Suipjoooy "aunp 
B pauua; ^iasoo[ si [BtuooB aiqBioajddB ^uy "suiaoj oi^sua^oBJBqo 
puB SitBAV. aAi^oui^stp [BjaAas ui sa^B[nuinooB pUBS UA4.0iq PUIA\. 

•uoi^Bajo s^t aa^jB 
UOI^BUUOJ aunp aqq. jo uoi^Bzi[iqB^s aq; puB 'pa^oa^ojd aq o; UOI^BOOI 
aq^ aaojaq puBs jo Suipunoduii JO aSBddo^s ^uauBuuad puB ^oajip 
aq^ ^q 'XnB-tn^Bu ^sixa ^ou op ^aq^ ajaqAv UOI^BUIJOJ aunp jo ;uaui 
-aonpui aq^ (g) puB '^n^-m^Bu ^sixa ^aq^ ajaqM SUOI;BOO[ ;B saunp 
puss jo aouBua^uiBiu puB uot^BzqiqB^s aq; (j) :saAi;oafqo [B^uaui 
-Bpunj OM; o^ui Jias^i saAiosaj pj^uoo aunp jo uiaiqojd aqj, 

•^uaui^aAaj JO \[e/A. 
-Bas 'pBaqj[[nq B jaq^ia uBq; '^SOD JBAVOI ;B puB uoipa^ojd aAi;oajja 
ajoui apiAoad i£Bui saunp puBs jo ;iaq B '. sBas q3iq puB sapi; uuo;s 
JLq uoi^Bpunui o; ^oafqns ajB qoiqM puB puBs jo ^iddns pan^Bu 
a^BnbapB UB aABq qoiqM SUOI^BOOI ifyiadojd puB^dn aAOJduii o; 
uoi^oa^ojd aAi^oajja apiAoad \IIA\ saunp puss jo ipq y 'Jias;! qosaq 
aitt J0 pJBAvpuBi pa^Booi ajB ^nq puBidn aq; SuiqoBaj UIOJJ saABAV 
Sui^uaAaad ui s[[ij qoBaq jo uoi^ounj aq; uuojjad saunp puBg 

•S[BAja;ui 
^uauiqsiuajdaj SUI^JBA JOJ s;soo JO suosiaBduioo SUIAJOAUI SUOI; 
-Bjapisuoo oiraouooa Aq AiuBiutjd pauaaAoS aq HJAV and}ioo;s aq; jo 
suotsuamip liBjauaS ui •aiid3ioo;s aq; SUOIB sassaaSojd uoisoja SB 
ajoqsJiOBq aq; ;oa;ojd o; s;sixa ^BAVBas JO pBaqjflnq B ajaqAv aiqB;ins 
;soui ii[iBnsn ajB saiid5[Oo;s Suof ';SJIJ pa;aidap aq [[I/A qoBaq ajid 
-3Ioo;s B jo pua ;jijpdn aq; aouig •^nnJ:ss90:)ns pa^oiduia uaaq aABq 
aiiui B o; ;aaj pajpunq Avaj B UIOJJ sq^uaq -suo^ipuoD IBOOI uodn 
Suipuadap ^[;Baj3 AJBA ^BUI qoBaq aiid3ioo;s B JO q^ua[ aqx 

•UOI;OB BABAV Aq padBqs Aiieinyeu. aq HIM. iteq; JOJ ;sajo 
uuaq aq; Avojaq ^HBOIJI;JB sadois qoBaq apBjU o; ^jBssaoauun puB 
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shadow of the obstacle is filled with swirls and vortices of air whose 
average forward velocity is less than that of the air stream outside. 
Downwind from the obstacle, forward velocity of the air inside the 
shadow gradually increases to merge with the general flow of the 
wind. The sand grains which strike the obstacle rebound from it 
and come to rest in the relatively stagnant air in front. When the 
resulting heap has grown up so that its slopes stand at the limiting 
angle of repose (about 34°), all additional material slides down the 
slope to join the sand stream passing along the side of the obstacle. 

Sand fences can be constructed in movable sections or made 
of individual pickets driven into the sand. The width and length 
of the pickets may vary but the spacing of the pickets is important, 
with no more than 50 percent of the surface covered. For best re- 
sults the space between the pickets should equal the width of the 
pickets. In order to widen the crest of the dune and facilitate estab- 
lishment of vegetation, two lines of fence about 30 feet apart should 
be used. The use of a single fence tends to make dunes with a 
sharp crest unfavorable to establishment of cover. As the dune 
builds up on the fence, the fence can be raised until the desired 
height is attained. The belt can be broadened by shifting the second 
fence windward as the dune grows or by adding a third fence. 

The sand fences should be constructed perpendicular to the 
prevailing wind direction unless it is desired to cause the sand to 
move longitudinally along the fence to fill in the low gaps. In this 
case the fences may be built slightly quartering to the general 
shifting direction of the sand movement or panelling may be re- 
sorted to. 

Coats of hot crude oil may be used to stabilize the face of the 
dune and cause the dune to widen. Penetration is deeper when the 
upper few inches of sand are dry. Oiling is expensive and special 
equipment is necessary for highest efficiency. Oiling is effective for 
only a few years and must be repeated frequently. Oiling increases 
the saltation coefficient of material flowing over the surface. The 
sand blows up and over the top, depositing in front of the slip face 
in successive advancing fill increments. This widening of the dune 
continues until a streamlined body is built downwind from the 
paved face. The entire mass is permanently stored as long as the 
oiled surface remains intact. 

After protective dunes have been formed they should be sta- 



311^ ^B /AO]} IBpi^ JO UIB8J^S 8lft aUlJUOO pUB ^08Jip 0^ A[IJBUIUd paSH 
aaB pun s^jBd ^uauoduioo aAissBui ejoui q^iA\. aaSj^i 8JB itjiBjauaS 
s9i^aC ^B^ ui sat^af UIOJJ Ja^ip SUIOJQ -^aaj pajpunq iBJOAas o; 
^aaj Avaj B UIOJJ qqJuai ui itaBA puB (auji aaoifs aq^ o^ la^BJBd paan 
-SBaui) q^piAV ui AVOJJBU ^laAi^Biaj BJB SUIOJQ -UOI^BOOI paaisap B ^B 

auij ajoi[s aifl aziiiqB^s o^ aouB^sip ^uapijjns B ja^BAi. aq^ o^ui uoissao 
-aa auii ajoqs aiqissod jo pjBMpuB[ ^uiod B raoaj Suipua^xa 'ajoqs 
aqq. oq. jBinoipuadaad iti[Bnsn si ^i 'qoBaq Sut^sixa UB JO SSOJ paB^aj 
o^ JO ijup IBJO^JI SuiddBj^ ^q qoBaq aAipa^oad B uapiM JO pimq 
'apiAOJd o^ pasiAap ajn^onj^s aAi^oa^ojd ajoqs B SI UIOJS V 

•^JO^OBJSI^BS ^soui si iBua^Biu uaajSjaAa qUnoqi 
-[B 'aoigns ni^. qsmq jo pui^ Any -saiiB^s q^iM ^{UIJIJ pajoqouB puB 
'apm ;aaj z ^ I 'H^R ^88J Z ^noqB 'puiM SuntBAajd aq^ q^iAv asiM. 
-SSOJO '^jBdB ^aaj f SA\OJ UI ^mq ^iiBnsn BJB sjaujBq asaqj, -pioq 
-^ooj B SUIUIBS ajB saaa; JO 'sqnjqs 'sassBjS aijqM. SBBJB pany ^JAVBU 

uo PUBS aq; JOJ^UOO o^ ^[aAipajja pasn aq Avm sjaijJBq qsnjg: 
•pazjiBaj aq pjnoAV aiqBA s^i jo aiWH ^Bq^ 

AVOIS os si ^oajja s^i asnBoaq aiqBoi^DBjd ^ou ^HBjauaS si 'ajnuBiu 
SB qons sjaziji^jaj asjBoo jo asn aqj, -JBaA ^SJIJ aq^ paqsi[qB^sa 
^JUIJIJ %B3 o^ s^uBjd ^as ^fAvau SuiiqBua puB JOSIA Suionput ui 
;ijauaq jo ajB iiaq^ 'puBs aq^ ui Suoj AJQA aAi^oajja ^ou anqAi 'puB 
Sui5.B{nuii^s ajB sjazi[i^jaj; snoauaSoj^ij^ -ja^Bui OIUBSJO OU Xn^oxq. 
-OBjd UIB^UOO puB ^iji^iaj ui MOI ajB saunQ -Sui^uBid auji ^qSiBj^s 
uBq^ puBs ppq o^ ^tun^aoddo ajoui sjajjo puB SBBJB SUOI JBAO 

UOI^OB puiAV ^oajip s^uaAajd SM.OJ aq^ SuuaSSB^g -^jBdB saqoui 
81 ^noqB SAVOJ ui s^uBjd q^iM SMOJ SuijaSSB^s ui daap saqoui oi 
oi g ^noqB Sui^as 'ja^auiBip ui qoui i 0% % sduinp {[Bms Suisn Aq 
^JO^OBJSI^BS ^soui si Sui^uBidsuBjj, 'sSui^uBid paqsjiqB^sa ^JIBJII^BU 

UIOJJ pa^UBjdsuBj^ aq UBD puB aiqBitBAB ajB SBSSBJS ^nBnsJl 
•[auuosjad aoiAjag uoi^BAjasuoQ iiog PUB uoisua^xg 

{Bjn^inoij3y tuojj aiqBiiBAB si sassBjS pa^dBpB ^saq uo UOI^BUIJOJUJ 

•S^SOO aiqBuosBaj ^B aiqBuie^qo BJB sauo ^JO^OBJSI^BS Avaj B UOI^ 

-oas itjaAa Aiyediwvjd ui ^nq snojamnu ^ou ajB s^uBjd qong 'sq^dap 
SuiSBajoui 0^ uiaq^ punojB Sui^BinuinooB si puBs qSnoq^ uaAa 
q^aojS aoBjjns UIB^UIBUI puB 'q^oq JO paas Aq JO ^jaAi^B^aSaA jaq^ia 
itipidBj pBajds ^Bq^ 'suia^s^s ^OOJ aAisua^xa q^tAv 'siBiuuajad paAij 
Suoi BJB s^uBjd itjopBjsi^Bs ^soiu aqx '^inotgip ajn^nj saziiuiuiui 
^nq SuiuuiSaq aq^ ui aAisuadxa si siqj,   'uoi^B^aSaA q^iM pazijiq 
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from shoaling the channel. In some sections of the country groins 
are commonly referred to as jetties or piers. 

A groin interposes a total or partial barrier to littoral drift 
moving in that part of the littoral zone between the seaward end 
of the groin and the limit of wave uprush. The extent to which 
littoral drift is modified depends on height, length, and permeabil- 
ity of the groin. The manner in which a groin operates to modify 
the rate of littoral drift is approximately the same whether it 
operates singly or as one of a system, provided spacing between 
adjacent groins is adequate. However, under some conditions a 
single groin or the updrift groin of a system, may have a somewhat 
smaller capacity than other individual groins of the system. 

The groin acts as a partial dam to intercept a portion of 
normal drift. As material accumulates on the updrift side, supply 
to the downdrift shore is correspondingly reduced causing it to 
recede. This process results in a progressively steepening slope on 
the updrift side and a flattening slope on the downdrift side as both 
slopes reach a common elevation at or near the end of the groin. 
Since the grain size of the beach material normally increases to 
establish a steeper than normal slope, the accreted material is the 
coarser fraction of the material that was in transport. 

When the accreted slope reaches ultimate steepness for the 
coarser fraction of the material available, impoundment ceases and 
all littoral drift passes the groin. If the groin is sufficiently high 
that no material may pass over it, all transport must be in depths 
beyond the end of the groin. Because of the nature of transporting 
currents the material in transit does not move directly shoreward 
after passing the groin, and transport characteristics do not be- 
come normal for some distance on the downdrift side of the groin. 
Thus, a groin system too closely spaced would divert littoral trans- 
port offshore rather than create a widened beach. 

The accretion fillet on the updrift side of the groin creates a 
departure from normal shore alignment, tending toward a stable 
alignment perpendicular to the resultant forces of wave attack. 

Groins may be classified as permeable or impermeable, high or 
low, and fixed or adjustable. They may be constructed of timber, 
steel, stone, concrete, or other materials, or combinations thereof. 
Impermeable groins have a solid or nearly solid structure which 
prevents littoral drift passing through the structure.   Permeable 



^IJBinoi^iBd aq 0} pa^aodaa ejB SUIOJS eiq^snfpv -qoeaq yupuMop 
aq^ UIB^UIBUI puB UIOJS aq^ aaAO ssnd o^ pires eq^ jo ^tBd aiqBjapis 
-UOO  «  AVOn^  PUB   [9A91  pUBS  9q^  9A0qB   (^99J  OAV^  0}  9U0  ^IIBnsn) 
^qSigq paxy B ^B pauiB^urem aq UBO UIOJS aq^ ^q^ os ma^s^s 
SuuaAvoi puB SUISIBJ B q^iAV 'saiid uaaAV^aq spjBoq ja^Bq a[qB^sn#fpB 
^HURuassa 9jB suioaS asaqx "ssaoDns pa^iodaj q^iAV pasn uaaq aABq 
SUIOJS aiqB^snfpB JoiiCBx-^Bij-nQ puB asBQ aq; 'puBiSug uj -saan; 
-ona^s :qmq ^i^uauBuuad ao paxy ajB SUIOJS JO ^UOCBUI aqx 

•SUIOJS 

aiqBauuad jo sjauSisap ^q papua^ui ^Bq; SB asodjnd atuBS aq; aAjas 
SUIOJS AVO[ qong "apx; q3iq ;B saABAi. Aq JO SBABA^ XZIJO^S Aq Suiddoq. 
-jaAO MoqB o; SB ;q3iaq B qons o; ;iinq aq Avui ;i 'UIOJS B JO ^jup 
-UMop iiiddns PUBS B UIB;UIBUI O; ^aBssaoau si ;i ajaq/Vi •smo.iS 
aq; Aq paaaAoo auoz IBJO;;I[ aq; jo ^iBd ;Bq; ui SUIAOUI iBija;Bui 
jo aSBSSBd aq; ^ia;aiduioo 5ioo[q o; SB ;qSiaq B qons o; ;iinq aq JCBUI 

'moxS aq; jo ;jijpuMop iliddns PUBS B UIB;UIBTXI O; a[qBJisapun JO 

AtBssaoauun jaq;ia aq Avm ;i ajaqM ';a[ui JO ^Bq B O; aouBj;ua aq; 
;B JO jaajt JO puB[pBaq B UO pasBq SUIOJ^) -UIOJS aq; jo ;qSiaq aq; 
uo ;ua;xa auios o; spuadap UIOJS B SuissBd PUBS jo ;imouiB aqj, 

•aansBam 
uoi;oa;ojd aaoqs B SB i{jo;oBjsi;Bs ^nnJ 9A0Jd o; jtia3[iiun BJB SUIOJS 
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minimum of erosion damage to the downdrift area. However, they 
are effective only where there is an adequate supply of littoral 
material. 

The width and side slope of a groin depend on wave forces to 
be withstood, the type of groin, the materials with which it is con- 
structed, and the construction methods used. These features are 
considered under structural design. The length, profile and spac- 
ing are important considerations with respect to functional success. 

The length of a groin is determined by the depths in the off- 
shore area and the extent to which it is desired to intercept the 
littoral stream. The length should be such as to interrupt such a 
part of the littoral drift as will supply enough materials to create 
the desired stabilization of the shore line or the desired accretion 
of new beach areas. Care must be exercised that these ends are 
attained without a corresponding damage to downdrift areas. For 
functional design purposes, a groin may be considered in three 
sections: 

(a) The horizontal shore section 

(b) the intermediate sloped section, 

(c) the outer section. 

The horizontal shore section would extend from the desired 
location of the berm crest as far landward as is required to anchor 
the groin to prevent flanking. The height of the shore section de- 
pends on the degree to which it is desirable for sand to overtop the 
groin and replenish the downdrift beach. The minimum height of 
the groin is the height of the desired berm, which is usually the 
height of maximum high water that occurs frequently plus the 
height of normal wave uprush. The maximum height of groin to 
retain all sand reaching the area (a high groin) is the height of 
maximum wave uprush during all but the least frequent storms. 
This section is horizontal or sloped slightly seaward, paralleling the 
existing beach profile or the desired slope, in case a wider beach is 
desired or a new beach is to be built. 

The intermediate sloped section would extend between the 
shore section and the more or less level outer section. This part of 
the groin should approximately parallel the slope of the foreshore 
the groin is expected to maintain. The elevation at the lower end 
of the slope will usually be determined by the construction methods 
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found and advantages are claimed by proponents of each type. 
Based on the theory of groin operation, which established the depth 
to which the groin extends as the critical factor affecting its im- 
pounding capacity, maximum economy is achieved with a straight 
groin perpendicular to the shore line. Various modifications such 
as a "T" or "L" head usually designed with the primary purpose of 
limiting recession on the downdrift side of a groin. While these 
may achieve the intended purpose in some cases, the zone of maxi- 
mum recession is often simply shifted to a point some distance 
away from the groin (on the downdrift side) and benefits are thus 
limited. Storm waves will normally produce greater scour at the 
extremities of "T" or "L" head structures than at the end of a 
straight groin perpendicular to the shore and delaying the return 
to normal profile after storm conditions have abated. 

Curved, hooked or angle groins have been employed for the 
same purposes as the "T" or "L" head types and have the same ob- 
jectionable features; that is, they invite excessive scour and are 
more costly to build and maintain than the straight groin perpen- 
dicular to the shore. In cases where the adjusted shore alignment 
expected to result from a groin system will differ greatly from the 
alignment at the time of construction, it may be desirable to align 
the groins normal to the adjusted shore alignment in order to avoid 
angular wave attack on the structures after the shore has sta- 
bilized. This condition is most likely to be encountered in the vicin- 
ity of inlets and along the sides of bays. 

The sequence of groin construction is of concern only to sites 
where a groin system is under consideration. Here two conditions 
arise: 

(1) where the groin system will be filled artificially and it is 
necessary to stabilize the new beach in its advanced 
position. 

(2) where littoral transport is depended upon to make the fill 
and it is necessary to stabilize the existing beach or build 
additional beach with a minimum of detrimental effect on 
downdrift areas. 

In the first instance the only interruption of littoral transport 
will be between the time the groin system is constructed and the 
time the artificial fill is made. In the interests of economy the fill 
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considerations have indicated that use of groins is practicable, the 
selection of groin type is affected in overlapping and varying de- 
grees by the foregoing inter-related factors. 

With consideration to beach and upland topography, a steep 
beach is an indication of heavy wave action and generally requires 
substantial structures, usually of concrete, stone, or steel. Under 
these conditions light timber groins will not be adequate seaward 
of the crest of berm. However, timber can be used for the inshore 
section above the crest of berm if the beach is backed by sandy 
areas, such as sand dunes. On gently sloping beaches, lighter con- 
struction of timber, steel, or concrete generally can be used except 
in the vicinity of inlets. A thorough consideration of foundation 
materials is essential to the selection of groin type. Borings and 
probings should be taken to determine subsurface conditions for 
penetration of piling. Where the foundations are poor or where 
little penetration is possible, some type of cellular or stone groin 
may be indicated despite its greater cost. Good penetration may 
indicate the economy of sheet piling, provided materials are avail- 
able. 

Availability of materials affects selection of type because of 
the economic aspects. The material which would normally be the 
most economic with full consideration given to life of the material 
and maintenance costs is not available except at a cost that would 
make some other material or type of construction more economical. 
The first costs of timber groins and of steel sheet pile groins are 
often less than for other types of construction. The concrete groin 
is considerably more expensive than timber but often costs less 
than the massive stone groin. However, concrete and stone groins 
require less maintenance and have much longer economic life than 
the timber or steel sheet pile groins. These factors, the amount of 
funds available for initial construction, the annual charges, and the 
period during which protection will be required must all be studied 
before deciding on a particular type. 

It is sometimes desirable to nourish beaches downdrift from 
a natural or artificial barrier within the littoral zone, the trapped 
material acting as a source of supply. Such a littoral barrier may 
be a jettied entrance to a harbor, a natural inlet, an offshore break- 
water, or a shore connected breakwater. A sand by-passing plant 
is a plant designed to mechanically transport littoral drift past a 
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i—Untreated timber piles when encased in a gunite armor and 
properly sealed at the top will give economical service. 

j—Concrete to last in the tidal zone must have a high cement con- 
tent; a minimum of 61/2 bags per cubic yard is recommended. 

k—The lower the water-cement ratio, the more durable concrete 
will be in salt water. 

1—Care must be exercised in the selection of coarse and fine aggre- 
gates both for density of grading and to avoid unfavorable 
chemical reaction with the cement. 

m—Maintenance of specified clear cover over all reinforcing steel 
is of the greatest importance. 

n Smooth formwork and rounded corners improve the durability 
of concrete structures. 

o—All steelwork in and above the tidal range will last longer if 
protected. A good method is to provide a concrete envelope. 
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inspected and the probable cost of such project. The property 
owners shall also be notified of the date of a public hearing on the 
project. Following the hearing, the district council shall decide 
whether or not to proceed with the erosion prevention works. If 
the project is approved, a contract is advertised, bid and let in the 
same manner as other types of construction work. 

After any such project is completed, the district council shall 
fix and levey a benefit charge upon the real property benefited by 
the erosion prevention works. Before assessing the benefit charge, 
the district council shall hold a hearing for owners of benefited 
lands. After the hearing the district council shall determine the 
benefits accruing to each parcel of land and shall fix and levy a 
benefit charge to the extent it is benefited by the construction work. 
This benefit charge shall be a lien upon the real estate and shall be 
levied for a period of years coextensive with the period of maturity 
of the notes or bonds. In addition to the benefit charge there shall 
be levied upon all properties in the district a tax which, together 
with the benefit charge, shall be sufficient to pay for retirement of 
bonds, interest thereon, maintenance of construction and adminis- 
tration expenses. This tax shall be collected in the same manner 
similar as other taxes collected by the county. If the funds col- 
lected in one year be insufficient to pay all the obligations, then 
such deficiency shall be added to the following year's levy. 

In 1959 the legislature provided an alternative method in fi- 
nancing an erosion control works on a county-wide basis. Under 
this alternative method the county commissioners may pay up to 
25 per cent of the costs of any erosion control project by issue of 
bonds or notes. The commissioners are authorized to accept from 
either the State of Maryland or the Federal Government any por- 
tion or all of the remaining 75 per cent of the total cost. The prin- 
cipal and interest of any bond or note shall be paid by a county- 
wide tax. If this alternative provision is used, the county commis- 
sioners shall not be constituted as a district council. 

Article 66B of the Annotated Code of Maryland authorizes 
the counties of the state to set up planning commissions. Where 
such a commission has been established, it is required to adopt 
regulations for the control of subdivision development. After 
official adoption of such regulation, all new subdivision plats must 
be submitted for approval by the planning and zoning commission 
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Appendix 6 

SHORE EROSION CONTROL ACTIVITIES 

The State Roads Commission received an appropriation of 
$20,000 in 1921 for use in protection of the ocean highway adjacent 
to Ocean City from shore erosion. This amount has been a con- 
tinuing budget item since that time and has been supplemented to 
some extent through use of maintenance funds. 

The system of treated timber groins constructed by the State 
Roads Commission extends from the north stone jetty of the Ocean 
City Inlet northward to Twenty Sixth Street. The structures from 
the inlet to approximately N. Ninth Street are buried under the 
higher and widened beach, caused principally by the north stone 
jetty at the inlet. Those structures northward to N. Twenty Sixth 
Street are performing creditably and have contributed to the pres- 
ervation of the shoreline in this area, although it is only in the last 
several years that the proper spacing between groins has been 
achieved. In 1960-61, three timber groins were installed between 
N. Seventy Second and N. Seventy Fifth Streets because a massive 
change inland in that area threatened damage to the adjacent ocean 
highway. 

From the Delaware line, approximately seven miles southward, 
an effort was made in 1954-55 to install groins that would be help- 
ful in arresting constant erosion forces which were causing shore- 
line losses in many areas of this stretch of fine beach. These groins, 
composed of asphalt and native beach sand, were mounded to a 
height of approximately three feet above the existing elevation. 
The seaward end of these units reached to low water in the ocean 
and generally the inshore ends extended to the dune line or to a 
higher elevation, whichever was found within 200 feet of the low 
water in the ocean. These structures, while very economical, suf- 
fered losses at the ocean end of the units with few exceptions. 
However, all of the structures are in evidence and are still con- 
tributing to the maintenance of the higher elevation of the beach 
back to the dune line.  These groins did not perform to maximum 
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SHORE EROSION CONTROL ACTIVITIES 61 

made in the eleven year period. Few of the recommendations have 
been carried out except by the Anne Arundel erosion districts be- 
cause of the inability or unwillingness of individual owners to fi- 
nance the costs of construction. 

About 1955, the State Soil Conservation Committee authorized 
the expenditure of a few hundred dollars by a Soil Conservation 
District in one of the Eastern Shore counties. In cooperation with 
a shore front landowner, a limited trial in low cost protection 
proved unsatisfactory. 

Since 1955 the Agricultural Extension Service Drainage 
Specialist has made about 15 recommendations for shore erosion 
control measures on farms where he was doing other work. Only 
a small portion of these recommendations have been executed. 

Many individual property owners attempt, from time to time, 
to protect their frontage. Varying degrees of success and failure 
can be observed but far more of the latter. Few protective works 
have been designed; most have simply been built and "rules-of- 
thumb" have frequently given poor results. 

Under existing law, protection of shore frontage is the re- 
sponsibility of the individual owner except in sub-divisions where 
group action is possible through formation of erosion distircts. 
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BANK—(1) The rising ground bordering a lake, river, or sea, on a river 
designated as right or left as it would appear facing downstream; (2) An 
elevation of the sea floor of large area, surrounded by deeper water, but 
safe for surface navigation; a submerged plateau or shelf, a shoal, or 
shallow. 

BAR—An offshore ridge or mound of sand, gravel, or other unconsolidated 
material submerged at least at high tide, especially at the mouth of a 
river or estuary, or lying a short distance from and usually parallel to, 
the beach. 

BAR, BAYMOUTH—A bar extending partially or entirely across the mouth 
of a bay. 

BARRIER BEACH—A bar essentially parallel to the shore, the crest of which 
is above high water.  Also OFFSHORE BARRIER. 

BARRIER REEF—A reef which roughly parallels land but is some distance 
offshore, with deeper water intervening. 

BEACH—(n.) (1) The zone of unconsolidated material that extends landward 
from the low water line to the place where there is marked change in 
material or physiographic form ... or to the line of permanent vegetation 
(usually the effective limit of storm waves.) The seaward limit of the 
beach—unless otherwise specified—is the mean low water line. A beach 
includes FORESHORE and BACKSHORE; (2) Sometimes, the material 
which is in more or less active transport, alongshore or on-and-off shore, 
rather than the zone. 

BEACH ACCRETION—See ACCRETION. 

BEACH, BARRIER—A bar essentially parallel to the shore, the crest of which 
is above high water level. Also OFFSHORE BARRIER. 

BEACH BERM—A nearly horizontal portion of the beach or backshore formed 
by the deposit of material by wave action. Some beaches have no berms, 
others have one or several. 

BEACH EROSION—The carrying away of beach materials by wave action, 
tidal currents, or littoral currents, or by wind. 

BEACH FACE—The section of the beach normally exposed to the action of 
the wave uprush. 

BEACH FEEDER—An artificially widened beach serving to nourish down- 
drift beaches by natural littoral currents or forces. 

BEACH WIDTH—The horizontal dimension of the beach as measured perpen- 
dicular to the shore line. 

BENCH MARKS (B.M.)—a fixed point used as a reference for elevations. 

BERM, BEACH—A nearly horizontal portion of a beach formed by the deposit 
of material by wave action. Some beaches have no berms; others have one 
or several. 
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water deep enough to be used for navigation through an area otherwise too 
shallow for navigation; (3) A large strait, as the English Channel; (4) 
The deepest portion of a stream, bay, or strait through which the main 
volume or current of water flows. 

CLIFF—A high, steep face or rock, a precipice.  See also SEA CLIFF. 

COAST—A strip of land of indefinite width (may be several miles) that ex- 
tends from the seashore inland to the first major change in terrain fea- 
tures. 

COASTAL AREA—The land and sea area bordering the shore line. 

COASTAL PLAIN—The plain composed of horizontal or gently sloping strata 
of clastic materials fronting the coast and generally representing a strip 
of geologically recently emerged sea bottom. 

COASTAL LINE—(1) Technically, the line that forms the boundary between 
the COAST and the SHORE; (2) Commonly, the line that forms the 
boundary between the land and the water. 

COMBER—(1) A deep water wave whose crest is pushed forward by a strong 
wind, much larger than a whitecap; (2) a long-period spilling breaker. 

CONTINENTAL SHELF—The zone bordering a continent extending from the 
line of permanent immersion to the depth (usually about 100 fathoms) 
where there is a marked or rather steep descent toward the great depths. 

CONTOUR—(1) An imaginary line connecting points on a land or submarine 
surface that have the same elevation; (2) in topographic or hydrographic 
work, a line connecting all points of equal elevation above or below. 

CONTROLLING DEPTH—The least depth of water in the navigable parts of 
a waterway, which limits the allowable draft of vessels. 

COVE—A small sheltered recess in a shore or coast, often inside larger em- 
bayments. 

CREST LENGTH, WAVE—The length of a wave along its crest. Sometimes 
called CREST WIDTH. 

CREST OF WAVE—(1) The highest part of a wave; (2) That part of the 
wave above still water level. 

CURRENT—A flow of water. 

CURRENT, COASTAL—One of the offshore currents flowing generally par- 
allel to the shore line with a relatively uniform velocity (as compared to 
the littoral currents). They are not related genetically to waves and re- 
sulting surf may be composed of currents related to distribution of mass 
in ocean waters (or local eddies), wind-driven currents and/or tidal cur- 
rents. 

CURRENT, DRIFT—A broad, shallow, slow-moving ocean or lake current. 

CURRENT, EBB—The movement of the tidal current away from shore or 
down a tidal stream. 
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EBB TIDE—A non-technical term referring to that period of tide between a 
high water and the succeeding low water; falling tide. 

EMBANKMENT—An artificial bank, mound, dike or the like, built to hold 
back water, carry a roadway, etc. 

EROSION—The wearing away of land by the action of natural forces. (See 
also SCOUR). On a BEACH, by carrying away of beach materials by 
wave action, tidal currents, or littoral currents or by the action of the wind 
(See DEFLATION). 

ESTUARY—(1) That portion of a stream influenced by the tide of the body 
of water into which it flows; (2) A bay, as the mouth of a river, where 
the tide meets the river current. 

FATHOM—A unit of measurement used for soundings. It is equal to 6 feet 
(1.83 meters). 

FETCH LENGTH—In wave forecasting, the horizontal distance (in the direc- 
tion of the wind) over which the wind blows. 

FLOOD CURRENT—The movement of the tidal current toward the shore or 
up a tidal stream. 

FLOOD TIDE—A non-technical term referring to that period of tide between 
low water and the succeeding high water; a rising tide. 

FOLLOWING WIND—In wave forecasting, wind blowing in the same direc- 
tion that waves are travelling. 

FORESHORE—The part of the shore, lying between the crest of the seaward 
berm (or the upper limit of wave wash at high tide) and the ordinary low 
water mark, that is ordinarily traversed by the uprush and backrush of 
the waves as the tides rise and fall. 

FREEBOARD—The additional height of a structure above design high water 
level to prevent overflow. Also, at a given time the vertical distance be- 
tween the water level and the top of the structure. On a ship, the distance 
from the water line to main deck or gunwale. 

GROIN—(BRIT. GROYNE)—A shore protective structure to trap littoral drift 
or retard erosion of the shore. It is narrow in width (measured parallel 
to the shore line), and its length may vary from a few feet to several hun- 
dred feet extending from a point landward of the shore line out into the 
water. Groins may be classified as permeable or impermeable; imperme- 
able groins having a solid or nearly solid structure, permeable groins hav- 
ing openings through them of sufficient size to permit passage of appreci- 
able quantities of littoral drift. 

GROUND SWELL—A long high ocean swell; also, this swell as it rises to 
prominent height in shallow water. 

HEIGHT OF WAVE—The vertical distance between a crest and the preceding 
trough. 
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PERMEABLE GROIN—See under GROIN. 

PIER—A structure, extending out into the water from the shore, to serve as a 
landing place, a recreational facility, etc., rather than to afford coastal 
protection. 

PILE—A long, slender piece of wood, concrete, or metal to be driven or jetted 
into the earth or sea bed to serve as a support or protection. 

PILING—A group of piles. 

PILE, SHEET—A pile with a generally flat cross-section to be driven into the 
ground or sea bed and meshed, or interlocked with like members to form 
a diaphragm, wall, or bulkhead. 

PLUNGE POINT—(1)  For a plunging wave, the point at which the wave 
curls over and falls; (2) The final breaking point of the waves just before 
they rush up on the beach. 

POINT—The extreme end of a cape; or the outer end of any land area pro- 
truding into the water, usually less prominent than a cape. 

PORT—A place where vessels may discharge or receive cargo; may be the 
entire harbor including its approaches and anchorages or may be the 
commercial part of a harbor, where the quays, wharves, facilities for 
transfer of cargo, docks, repair shops, etc., are situated. 

PROFILE BEACH—The intersection of the ground surface with a vertical 
plane; may extend from the top of the dune line to the seaward limit of 
sand movement. 

PROPAGATION OF WAVES—The transmission of waves through water. 

REEF, BARRIER—A reef which roughly parallels land but is some distance 
offshore, with deeper water intervening. 

REFLECTED WAVE—The wave that is returned seaward when a wave im- 
pinges upon a very steep beach, barrier, or other reflecting surfaces. 

REVETMENT—A facing of stone, concrete, etc., built to protect a scarp, 
embankment or shore structure against erosion by the wave action or 
currents. 

RIP—A body of water made rough by waves meeting an opposing current, 
particularly a tidal current; often found where tidal currents are converg- 
ing and sinking. A TIDE RIP. 

RIPRAP—A layer, facing, or protective mound of stones randomly placed to 
prevent erosion, scour, or sloughing of a structure or embankment; also 
the stone so used. 

RUBBLE—(1) Loose angular water-worn stones along a beach. (2) Rough, 
irregular fragments of broken rock. 

RUN-UP—The rush of water up a structure on the breaking of a wave. Also 
UPRUSH. The amount of run-up is the vertical height above still water 
level that the rush of water reaches. 
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SURF—The wave activity in the area between the shore line and the outer- 
most limit of breakers. 

SURF ZONE—The area between the outermost breaker and the limit of wave 
uprush. 

SWAMP (noun)—A tract of wet spongy land, frequently inundated by fresh 
or salt water, and characteristically dominated by trees and shrubs. 

SWAMP (verb)—To overset, sink, or fill up a craft with water. 

SWASH—The rush of water up onto the beach following the breaking of a 
wave. Also UPRUSH, RUN-UP. 

SWELL—Wind-generated waves that have advanced into regions of weaker 
winds or calm. 

TIDAL CURRENT—A current caused by the tide-producing forces of the 
moon and the sun, a part of the same general movement of the sea that is 
manifested in the vertical rise and fall of the tides. Also CURRENT, 
PERIODIC. See also CURRENT, FLOOD and CURRENT, EBB. 

TIDAL FLATS—Marshy or muddy land areas which are covered and un- 
covered by the rise and fall of the tide. 

TIDAL INLET—(1) A natural inlet maintained by tidal flow; (2) Loosely an 
inlet in which the tide ebbs and flows.  Also TIDAL OUTLET. 

TIDAL PERIOD—The interval of time between two consecutive like phases 
of the tide. 

TIDAL POOL—A pool of water remaining on a beach or reef after recession 
of the.tide. 

TIDAL PRISM—The total amount of water that flows into the harbor or out 
again with movement of the tide, excluding any fresh water flow. 

TIDAL RANGE—The difference in height between consecutive high and low 
waters. 

TIDE—The periodic rising and falling of the water that results from gravita- 
tional attraction of the moon and sun acting upon the rotating earth. Al- 
though the accompanying horizontal movement of the water resulting 
from the same cause is also sometimes called the tide, it is preferable to 
designate the latter as TIDAL CURRENT, reserving the name tide for 
the vertical movement. 

TIDE, EBB—That period of tide between a high water and the succeeding 
low water; falling tide. 

TIDE, FLOOD—That period of tide between low water and the succeeding 
high water; a rising tide. 

TIDE, SLACK—The state of a tidal current when its velocity is near zero, 
especially the moment when a reversing current changes direction and 
its velocity is zero.   Sometimes considered the intermediate period be- 
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WAVE LENGTH—The horizontal distance between similar points on two suc- 
cessive waves measured perpendicularly to the crest. 

"WAVE PROPAGATION—The transmission of waves through water. 

WHARF—A structure built on the shore of a harbor, river, canal, etc., so 
that vessels may lie alongside to receive and discharge cargo, passengers, 
etc. 

WHITECAP—On the crest of a wave, the white froth caused by wind. 

WIND—The horizontal natural movement of air; air naturally in motion with 
any degree of velocity. 

WIND, FOLLOWING—In wave forecasting, wind blowing in the same direc- 
tion that waves are travelling. 

WIND, OFFSHORE—A wind blowing seaward over the coastal area. 

WIND, ONSHORE—A wind blowing landward over the coastal area. 

WINDWARD—The direction from which the wind is blowing. 

WIND WAVES—(1) Waves being formed and built up by the wind, (2) 
loosely, any wave generated by wind. 








